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temperature sensor 38 for measuring temperature of the : 
turret head, and a correction calculating device 705 
which sets results measured by the position sensor 26 
and the temperature sensor 38 before operation starting 
to be standard values, calculates the relative position 
between the spindle and the turret head and correction 

to the temperature of the turret head based on measurement results after operation starting, 
and corrects offset of a NC device 10. 
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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The location measurement step which measures the relative position of the spindle which 
attached the work piece, and the turret head which attached the cutting-edge implement, The 
thermometry step which measures the temperature of said turret head, The measurement result before 
the activity initiation by said location measurement step and said thermometry step is made into a 
reference value, the heat of a machine tool equipped with the amount operation step of amendments 
which computes said relative position and the amount of amendments to the temperature of said turret 
head based on the measurement result after activity initiation, and amends offset of an NC unit - a 
variation rate — the amendment approach. 

[Claim 2] the heat of the machine tool according to claim 1 performed by measuring the temperature of 
the temperature simulation block by which contiguity arrangement was carried out to said turret head so 
that the cutting fluid with which said thermometry step has and circulates through the heat capacity near 
the heat capacity of said turret head may be contacted thermally a variation rate -- the amendment 
approach. 

[Claim 3] the heat of the machine tool according to claim 2 which considers the multiplier which 
presumes the gravity of a cut load based on the temperature measured at said thermometry step on the 
occasion of count of the amount of amendments in said amount operation step of amendments, and 
expresses the gravity ~ a variation rate - the amendment approach. 

[Claim 4] The position sensor which measures the relative position of the spindle which attached the 
work piece, and the turret head which attached the cutting-edge implement, A thermometry means to 
measure the temperature of said turret head, The measurement result before the activity initiation by said 
position sensor and said thermometry means is made into a reference value, the heat of the machine tool 
equipped with an amount operation means of amendments to compute said relative position and the 
amount of amendments to the temperature of said turret head based on the measurement result after 
activity initiation, and to amend offset of an NC unit - a variation rate - a compensator. 
[Claim 5] the heat of the machine tool according to claim 4 which is said turret head from the 
temperature simulation block by which contiguity arrangement was carried out, and the temperature 
sensor which measures the temperature of this temperature simulation block so that the cutting fluid 
with which said thermometry means has and circulates through the heat capacity near the heat capacity 
of said turret head may be contacted thermally - a variation rate — a compensator. 
[Claim 6] the heat of the machine tool according to claim 5 with which said amount operation means of 
amendments considers the multiplier which presumes the gravity of a cut load based on the temperature 
measured by said temperature sensor on the occasion of count of said amount of amendments, and 
expresses the gravity - a variation rate - a compensator. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] the heat of the machine tool [ this invention ] at the time of work-piece 
processing — a variation rate — it is related with the amendment approach and equipment. 
[0002] 

[Description of the Prior Art] When processing a work piece (cut material) with a machine tool, by 
telescopic motion by the temperature change in each component of the drive system by the side of a 
machine tool, expansion by cut heat, etc., the location of the sensor for edge-of-a-blade location 
measurement shifts, a variation rate relative between a work piece and a machine tool is produced, and 
the situation where the process tolerance of a work piece falls often arises. 

[0003]In order to prevent lowering of the process tolerance by such temperature change in various 
parts, the various temperature-compensation approaches are proposed, for example, the method which 
carries out forecasting calculation of the variation rate by a temperature based on the detection 
temperature of a temperature sensor, and acquires correction value and heat b - a variation rate — the 
method which measures the temporal response inclination of an amount beforehand and amends actual 
measured value based on it, the method which measure directly the location of a work piece [ finishing / 
c processing ] with a touch sensor, and acquire correction value, the method which measure an edge-of- 
a-blade location directly by a d tool setter etc., and acquire correction value further - then, it is. 
[0004] 

[Problem(s) to be Solved by the Invention] the conventional heat mentioned above - a variation rate — 
an amendment method - respectively - alike - an advantage - meaning --****-- although it was 
needed, error correction was inadequate for each amendment method respectively, handling of the 
device for error correction was complicated, skill was required, or variation was fUrther produced in 
correction value, and it was not necessarily enough. 

[0005] therefore, the object of this invention - heat - the heat of a machine tool with easy handling 
which can reduce the processing error by the variation rate more - a variation rate - it is in offering the 
amendment approach and equipment. 
[0006] 

[Means for Solving the Problem] Invention which relates to claim 1 in order to attain the above- 
mentioned object The location measurement step which measures the relative position of the spindle 
which attached the work piece, and the turret head which attached the cutting-edge implement, The 
thermometry step which measures the temperature of a turret head, The measurement result before the 
activity initiation by the location measurement step and the thermometry step is made into a reference 
value, the heat of a machine tool equipped with the amount operation step of amendments which 
computes a relative position and the amount of amendments to the temperature of a turret head based on 
the measurement result after activity initiation, and amends offset of an NC unit - a variation rate - let 
the amendment approach be a summary. 

[0007] Invention concerning claim 2 is characterized by a turret head performing by measuring the 
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temperature of the temperature simulation block by which contiguity arrangement was carried out so 
that the cutting fluid with which a thermometry step has and circulates through the heat capacity near the 
heat capacity of a turret head may be contacted thermally. 

[0008] Invention concerning claim 3 presumes the gravity of a cut load based on the temperature 
measured at the thermometry step on the occasion of count of the amount of amendments in the amount 
operation step of amendments, and is characterized by considering the multiplier showing the gravity. 
[0009] The position sensor which measures the relative position of the spindle with which invention 
concerning claim 4 attached the work piece, and the turret head which attached the cutting-edge 
implement, A thermometry means to measure the temperature of a turret head, The measurement result 
before the activity initiation by the position sensor and the thermometry means is made into a reference 
value, the heat of the machine tool equipped with an amount operation means of amendments to 
compute a relative position and the amount of amendments to the temperature of a turret head based on 
the measurement result after activity initiation, and to amend offset of an NC unit ~ a variation rate - let 
a compensator be a summary. 

[0010] Invention concerning claim 5 is characterized by consisting of a temperature sensor which 
measures the temperature of the temperature simulation block by which contiguity arrangement was 
carried out, and this temperature simulation block to a turret head so that the cutting fluid with which a 
thermometry means has and circulates through the heat capacity near the heat capacity of a turret head 
may be contacted thermally. 

[001 1] Invention concerning claim 6 is characterized by the amount operation means of amendments 
considering the multiplier which presumes the gravity of a cut load based on the temperature measured 
by the temperature sensor on the occasion of count of the amount of amendments, and expresses the 
gravity. 
[0012] 

[Embodiment of the Invention] Drawing 2 shows the overall configuration of the machine tool which 
applies this invention. The machine tool of a graphic display is a numerical-control type machine tool, 
i.e., an NC machine tool, and is a machine which borrows the assistance of numerical-control equipment 
(NC) 10 with the cutting-edge implement 8 in which the work piece 4 attached in the main shaft of a 
spindle head 2 was attached by the turret head 6, and carries out digital-control processing. Revolution 
actuation of the spindle head 2 is carried out by the spindle motor 12. The turret head 6 is attached in the 
turret box 14. In order to adjust spacing between the axial center of a work piece 4, and the head of the 
cutting-edge implement 8 according to the content of processing of a work piece 4, the displacement 
actuation to X shaft orientations is possible for the turret box 14 through the X-axis ball screw 17 by the 
X-axis servo motor 16, and in order to adjust the direction location of an axial center of the cutting-edge 
implement 8 to a work piece 4, the displacement actuation to Z shaft orientations is possible for it 
through the Z-axis ball screw 19 by the Z-axis servo motor 18. In order to process a work piece 4 into a 
predetermined configuration and size according to a predetermined program, the turret box 14 and a 
spindle head 2 are controlled by NC10 by the X-axis servo motor 16 and Z-axis servo motor 18 list 
through a spindle motor 12, respectively. 

[0013] X shaft-orientations location by the X-axis servo motor 16 is detected by the pulse coder 20 for 
X shaft-orientations location detection, and Z shaft-orientations location by the Z-axis servo motor 18 is 
detected by the pulse coder 22 for Z shaft-orientations location detection. The reflector 24 for position 
sensors is attached in one side (the example of a graphic display spindle head 2) of the parts which 
counter mutually a spindle head 2 and the turret box 14, and the non-contact mold location sensor 26 is 
attached in another side (turret box 14). 

[0014] In order to emit the cut heat produced between the cutting-edge implement 8 and a work piece 4 
and to decrease friction, cutting fluid 56 (refer to drawing 6 ), for example, cutting oil, is injected from a 
nozzle 28 to the cutting section of a work piece 4. To a nozzle 28, the cutting fluid of an application-of- 
pressure condition is supplied through the liquid piping 36 from the liquid pump 34 driven by the liquid 
motor 32, and cutting fluid is injected from a nozzle 28 to the cutting section for it. After the cutting 
fluid injected from the nozzle 28 is collected by the liquid tank 50 ( drawing 4 ) and processes dust 
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removing etc. if needed like the after-mentioned after doing a given activity (cooling, lubrication, a coat, 
washing) in the cutting section, for reuse, it is returned to the liquid pump 34 and the cyclic use of waste 
water is carried out. 

[0015] The turret head 6 is difficult for measuring the temperature directly, in order to rotate. Then, that 
the temperature of a turret head 6 should be measured indirectly, it has the heat capacity near the heat 
capacity of a turret head 6, the temperature simulation block 30 by which contiguity arrangement was 
carried out is prepared for a turret head 6, and the cutting fluid before injection passing through under 
piping 36 is contacted thermally. The temperature of the cutting fluid in piping 36 is lower than the 
temperature just behind the cut section. However, since the turret head 6 and the tool (tool post) were 
also cooled while cooling the cutting-edge implement 8, as for the cutting fluid injected from the nozzle 
28, it turned out that the temperature near the temperature of a turret head 6 is rather acquired for the 
direction which used the cutting fluid before an activity experientially. The temperature of a turret head 
6 is presumed by simulating the temperature of a turret head 6 with block 30, and measuring the 
temperature with a temperature sensor 38 in this way. 

[0016] Drawing 3 is an explanatory view which explains the internal structure of the turret box 14 and a 
turret head 6 about a motion of X shaft orientations of a turret head 6. A revolution of a servo motor 16 
rotates a ball screw 17 through coupling 40. The ball screw 17 is supported by the tuck bearings 44 and 
46 at the both ends. When a ball screw 17 rotates, the nut 48 which this ****ed moves to shaft 
orientations. Therefore, a turret head 6 can be moved in the direction of an axial center of a spindle 54 
by connecting so that a nut 48 and the turret box 14 may carry out one-motion, and rotating a ball screw 
17 with a servo motor 16. 

[0017] In that case, it generates heat, when a ball screw 17 and a nut 48 slide, and a ball screw 17 
develops. The expanding direction is decided depending on how to construct the tuck bearings 44 and 
46. In a graphic display, it is the direction of an arrow head P. Thus, when a ball screw 17 develops by 
generation of heat, actual movement magnitude will be shifted to a servo motor 16 side to NC command 
value from NCI 0. 

[0018] With reference to drawing 4 , the heat transfer system of a machine tool and heat displacement 
are explained. The heat generated by cutting to a work piece 4 is accumulated in the liquid tank 50 
through cutting fluid. Therefore, the liquid tank 50 serves as a heat source to the foot 52 in which C side 
which is an installation side in which a spindle head 2 and the turret box 14 are laid was formed, and 
heat conducts to a foot 52 from the Ath page which is opposed faces with the liquid tank 50. Naturally at 
this time, temperature becomes high rather than the Bth page whose directions of the Ath page are that 
reverse side. Consequently, an Ath page side is pushed up, and C side in which a spindle head 2 is laid 
deforms a foot 52 into C side, as a broken line shows. The distance D between the turret box 14 and a 
spindle head 2 narrows according to this deformation. In this condition, the cutting-edge implement 8 
will approach a work piece 4 rather than NC command value. This effect is so large that the temperature 
gradient between the Ath page and the Bth page is large, and the spacing D between the cutting-edge 
implement 8 and a work piece 4 becomes narrow. 

[0019] In addition, as an element of heat to a foot 52, generation of heat of a spindle motor 12, 
generation of heat of a spindle 54, generation of heat of cutting fluid, etc. exist, it is complexly added to 
a foot 52 from the part and location where these differ, respectively, and a foot 52 deforms intricately. 
Therefore, it is almost impossible to catch the amount of displacement of each part of a foot 52 to 
accuracy by count. 

[0020] Next, with reference to drawing 5 , displacement of the turret box 14 and a turret head 6 is 
explained. The turret box 14 is elongated on the basis of a nut 48 by the temperature rise, the direction of 
Q, i.e., the shaft orientations, of a graphic display. A turret head 6 is elongated in the direction parallel to 
Q of R on the basis of the turret axial center X by the temperature of cutting fluid, for example, cutting 
oil, besides outside air temperature, and the conductive heat from the cutting-edge implement 8. 
[0021] As shown in drawing 6 , the cut heat generated by cutting a work piece 4 with the cutting-edge 
implement 8 is conducted in the three directions. That is, the conductive heat H3 conducted through the 
cutting fluid [ finishing / conductive-heat H23 activity ] which goes to a spindle 54 through conductive- 
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heat H12 work piece 4 which goes to a turret head 6 through 1 cutting-edge implement 8 is it. 
[0022] In order to calculate the amount of displacement by the thermal expansion of a turret head 6, the 
temperature of a turret head 6 must be detected, but a turret head 6 cannot attach a temperature sensor in 
it directly, in order to rotate. Then, it substitutes by measuring the temperature of the cutting fluid in 
connection with the 3rd conductive heat H3 among the heat conducted in the three above-mentioned 
direction. 

[0023] the heat according [ drawing 1 ] to this invention - a variation rate - it is the block diagram of a 
compensator 70. It is what computes correction value and is given to NC10. this heat - a variation rate - 
* - a compensator 70— heat - a variation rate - The criteria position-memory means 701 The location 
amendment operation means 702 and the reference-temperature storage means 703 which it has A 
correction value storage means 706 to memorize the temperature compensation operation means 704 
which it has, a correction value operation means 705 to calculate a temperature compensation value and 
location correction value based on the result of an operation of both the amendment operation means 
702,704, its temperature compensation value, and location correction value, And when it distinguishes 
how [ to which manual amendment was performed based on those correction value ] it is and is 
distinguished from that to which manual amendment was performed, it has a manual amendment 
distinction means 707 to feed back to the criteria position-memory means 701 and the base-temperature 
storage means 703, and to update. The location detection information on a position sensor 26 is 
introduced into the location amendment operation means 702 through A/D-converter 62, and the 
temperature detection information on a temperature sensor 38 is introduced into the temperature 
compensation operation means 704 through A/D-converter 64. 

[0024] Now, in order to carry out this invention, the following a and b are prepared as an element. 

a) the position sensor 26 which measures the relative distance between a turret head 6 (cutting-edge 
implement 8) and a spindle head 2 (spindle 54) - the turret box 14 side - moreover, in order to presume 
the temperature of installation ( drawing 2 ) and the b turret head 6 for a reflector 24 to a spindle head 2 
side, attach the temperature sensor 38 which measures the block 30 which simulates the temperature of a 
turret head 6, and its temperature. 

[0025] In drawing 2 , the amount of displacement which is mainly concerned with the following 
variation rates can be synthesized and obtained by measuring the distance between the turret box 14 and 
a spindle head 2 by the position sensor 26. In addition, a measuring point is always taken as the fixed 
location from a zero by the command from NC 1 0. 

1) The variation rate of a ball screw 17 (refer to drawing 3 ) 

2) Variation rate of a foot 52 (refer to drawing 4 ) 

3) The variation rate of a spindle 54 (effect of the variation rate of the foot 52 by heat mainly 
transmitting to a foot 52) 

4) The variation rate of the turret box 14 (refer to drawing 5 ) 

. Next, using the thermometry result of the block 30 by the temperature sensor 38, the temperature of a 
, turret head 6 is presumed and how to calculate the variation rate of a turret head 6 by that cause is 
explained. 

[0026] The heat generated by cut is conducted to a turret-head 6 side in the direction of the conductive 
heat HI of drawing 6 . In that case, for a light load, since the heat release of (the cutting-edge implement 
8+ tool + turret head 6) is large when there are few cut heating values, the temperature rise over the 
temperature of the turret box 14 (cutting-edge implement 8+ tool + turret head 6) is small, and these 
variation rates can be disregarded. Since already described location measurement is incidentally 
performed by the spindle 54 side of the turret box 14, these variation rates are contained in a location 
measurement result. 

b) When there are many cut heating values, the temperature rise of (the cutting-edge implement 8+ tool 
+ turret head 6) becomes large to the temperature of the turret box 14, and those variation rates benefit 
heavy loading large. In that case, the amount of displacement of turret-head 6 system is amount of 
displacement =(radius of turret-head system) x(expansion coefficient) x(current temperature-reference 
temperature) x (load factor). 
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It is calculable by carrying out. 

[0027] It is as having explained the thermometry of a turret head 6 with reference to drawing 6 R> 6. 
The load factor in a formula is presumed based on the temperature measured by the temperature sensor 
38. That is, after the gravity of a cut load starts a cut, it can be presumed by the temperature rise of the 
turret head 6 after predetermined time, for example, 30 minutes, i.e., the temperature rise of block 30. 
The multiplier for which it asked experimentally beforehand is multiplied by it and determined as this 
amount of temperature rises. According to the experiment, about 1/2.93 was suitable as this multiplier. 
[0028] Next, the procedure of this invention carried out by the heat displacement compensator of 
drawing 1 is explained with reference to drawing 7 . First, a turret is moved to a measuring point by NC 
program command at the head of a processing cycle (step 101). next, the distance between the turret box 
14 and a spindle head 2 is measured by the position sensor 26, and the measurement data is shown in 
drawing 1 - as — A/D-converter 62 -- minding -- heat ~ a variation rate - while incorporating to a. 
compensator 70 - the temperature of a turret head 6 — it should presume the temperature of block 30 - 

- a temperature sensor 38 - measuring - the measurement data - A/D-converter 64 — minding - heat — 
a variation rate - it incorporates to a compensator 70 (step 102). When incorporation of this measured 
value finishes, a turret is made to once shunt a position-sensor measuring point (step 103). The variable i 
for the count of the number of groups of amendment is cleared to zero here (step 104). If maximum of 
Variable i which expresses the number of groups of amendment, i.e., the number of offset amendment 
groups of the turret head 6 for amendment, now is set to "32", it will confirm whether be "i= 32" as a 
following step (step 105). Since it is i= 0 at the beginning, it is "NO" here. In order to distinguish 
whether the below-mentioned manual amendment was performed, it is confirmed whether the i+lst 
offset of NC10 is the same as the i+lst amendment storage values (step 106). if it is "YES", since 
manual amendment will be performed - the variation rate from the i+lst criteria locations ~ an amount 

— calculating (step 107) — the deflection operation from the i+lst reference temperature is performed 
(step 108), the i+lst offset amendments of NCI 0 are performed based on the result of an operation (step 
109), and the correction value is memorized (step 110). The amendment processing about one point of 
the beginning is ended now. Since manual amendment will be performed in step 106 in "NO", correction 
value storage (step 1 10) is performed from performing updating storage of the i+lst criteria locations 
and reference temperature (step 111). After this correction value storage, i=i +1 is processed in order to 
perform amendment processing about the following amending point (step 112), and it returns to step 
105. If steps 106-1 12 are repeated and i= 32 is hereafter checked in step 105 after processing of i=i +1 in 
step 112, since it means that the amendment processing about all amending points was completed, it will 
do the predetermined cutting activity by NC10 (step 113), and will be "ended." 

[0029] It will be as follows if the description of this invention described above is summarized. 
1) Location amendment data are obtained with the combination of a position sensor 26 and a 
temperature sensor 38. 

a) By measuring the distance between the turret box 14 and a spindle 54 by the position sensor 26, a 
variation rate with a following criteria location can be synthesized and obtained. 

* the variation rate of the foot 52 by change of cut solution temperature and outside air temperature — 
the variation rate by the elongation of the ball screw 17 by an amount and * slide nut 48 sliding - the 
variation rate of the spindle head 2 by heat conduction to the foot 52 by generation of heat 
accompanying the revolution of an amount and the * spindle 54 - an amount and * — each - a variation 
rate — a part for the calculation error by heat transfer delay of an amount. 

b) Calculate the amount of displacement to the location at the time of the reference temperature of a 
turret head 6, a tool, or the cutting-edge implement 8 (the amount of expansion) by presuming the 
temperature of a turret head 6 with high degree of accuracy through the temperature simulation block 30 
and a temperature sensor 38. 

c) adding the value Of Above a and b together — amendment of a work piece 4 - a variation rate - 
grasp an amount. 

[0030] 2) Consider as the above-mentioned temperature when an operator adds manual amendment to 
control by NC10, the reference temperature of the offset number which amended the location by the 
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manual, respectively, and a criteria location. 

a) When an operator performs manual amendment, naturally perform the dimension check of the 
processed product and a manual amends a part for a processing error. By carrying out this amendment, it 
can be considered that the processing error became zero/Therefore, it considers as the criteria of count 
of the above-mentioned temperature and the location at this time (reference temperature, criteria 
location). 

b) When it is judged that it checked and manual amendment was performed whether manual amendment 
was performed by the manual amendment distinction means 707 whenever it performed location 
measurement and a thermometry when continuation processing was carried out, update reference 
temperature and a criteria location. 

c) When continuation processing is carried out, a product 4, i.e., a work piece, causes a dimensional 
change by wear of the cutting-edge implement 8 . Therefore, an operator does a dimension check 
periodically and usually amends a processing error including wear by the manual. This will proofread 
the above-mentioned base temperature and a criteria location to the latest data periodically. Therefore, 
more exact amendment is realizable. 

[0031] 

[Effect of the Invention] according to [ as stated above ] this invention « the heat of a machine tool - 
the comparatively easy heat of a machine tool of handling which can reduce more the processing error 
of the work piece by the variation rate - a variation rate ~ the amendment approach and equipment can 
be offered. 



[Translation done.] 
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